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PLANT SEED-SPECIFIC EXPRESSION PROMOTER DERIVED FROM 
SESAME AND SEED-SPECIFIC EXPRESSION VECTOR 
COMPRISING THE PROMOTER 

5 Technical Field 

The present invention relates to a plant seed-specific expression 
promoter derived from a genomic gene (S/-FAD2) encoding the 
microsomal oleic acid desaturase of sesame and an intron for expression 
enhancement. The present invention also relates to a plant 

10 seed-specific expression vector containing the promoter and/or the intron 
and a transgenic plant transformed with the seed-specific expression 
vector. 

Background Art 

15. Fatty acids of plants are important components that make cell 

membranes and seed oils. In particular, microsomal oleic acid 
desaturase, which is present in the endoplasmic reticulum of plant cells, 
is an enzyme that catalyzes the conversion of monounsaturated fatty 
acid, oleic acid, at the sn-1 and sn-2 positions of phosphatidylcholine, 

20 into diunsaturated fatty acid, linoleic acid. 

There have been reports about presence of genomic genes 
(FAD2) encoding the microsomal oleic acid desaturase in Arabidopsis, 
Petunia, and cotton. According to the reports, while one FAD2 gene is 
present on the genome of Arabidopsis, two or more FAD2 genes are 

25 present on each genome of Petunia and cotton [Okuley et al., 1994, 
Plant Cell; Verwoert et al., 2000, Biochemistry Society Transactions; 
Pirtie et al., 2001, Biochimica et Biophysica Acta]. In particular, it has 
been known that when two or more FAD2 genes are present on a plant 
genome, at least one is involved in production of linoleic acid that 

30 accumulates in a seed oil. Until now, while the presence of the FAD2 
gene in the above-mentioned three plants has been reported, no studies 
on the functional analysis of its promoter have been reported. 
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Recently, many attempts have been made to improve genetic 
characteristics of plants using genetic engineering technology. In this 
respect, expression of a useful foreign gene in a transgenic plant 
requires a promoter for the gene expression. For this, conventionally, a 

5 promoter derived from a cauliflower mosaic virus (CaMV35S) gene that 
induces gene expression at all tissues of a plant has been widely used. 
However, this promoter cannot induce seed-specific gene expression. 
Meanwhile, there have been reports about promoters that induce 
tissue-specific expression, for example, seed-specific expression [Plant 

10 Cell Technology, 1991, 3: 568-576], leaf- or flower-specific expression 
[Science, 1990, 250: 931-936], and root-specific expression [Plant Cell 
Technology, 1991, 3: 577-587]. However, the above seed-specific 
expression promoter induces gene expression during whole stages for 
seed development, not during a specific development stage. 

is In view of these problems, based on the fact that the microsomal 

oleic acid desaturase derived from sesame is specifically expressed 
during a seed development stage, the present inventors cloned the 
genomic gene encoding microsomal oleic acid desaturase and its 
promoter, inserted the promoter into a binary vector and a transient 

20 expression vector, and then introduced the vectors into the seeds of 
model plants, Arabidopsis and sesame. As a result, the present 
inventors found that the sesame microsomal oleic acid desaturase 
(S/-FAD2) promoter is a novel promoter that induces the expression of a 
foreign gene in a seed development stage-specific manner, and 

25 completed the invention. 

Furthermore, a 127 bp active fragment of the promoter essential 
for the seed-specific expression has been identified. Also, the present 
inventors found that when the promoter is used together with an intron 
present on the S/-FAD2 gene, the expression level of a foreign gene in a 

30 seed is enhanced by at least 40-fold, and completed the invention. In 
this regard, the intron is useful in high expression of a useful foreign 
gene. 
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Therefore, the present invention provides a seed-specific, in 
particular, a seed development stage-specific expression promoter 
derived from the S/-FAD2 gene and a 127 bp active fragment thereof. 

The present invention also provides an intron that enhances the 
5 expression level of a foreign gene under the control of the 
above-described seed-specific expression promoter. 

The present invention also provides a seed-specific expression 
vector containing the above-described promoter and/or intron and a 
transgenic plant transformed with the seed-specific expression vector. 
10 The present invention also provides a method for expressing a 

foreign gene in a transgenic plant using the above promoter. This 
method is useful in producing a useful product in a seed development 
stage-specific manner or functionally modifying conventional product in 
seeds. 

15 

Disclosure of the Invention 

Therefore, according to an aspect of the present invention, there 
is provided a seed-specific expression promoter comprising an active 
fragment of nucleotides -179 to -53 of SEQ ID NO: 3. Preferably, the 

20 present invention provides a seed-specific expression promoter 
comprising the nucleotide sequence as set forth in SEQ ID NO: 3. 

The nucleotide sequence of SEQ ID NO: 3 comprises nucleotides 
that extend from position -660 to -1 from a transcription initiation site of 
the sesame microsomal oleic acid desaturase (S/-FAD2) gene which is 

25 expressed in a seed-specific manner. In this regard, it is expected that 
the nucleotide sequence contains a seed-specific transcription regulatory 
site as well as a TATA box and a CAAT-box which are common 
promoter sequences for recognition of the transcription initiation site of a 
plant gene. Also, nucleotides that extend from position -179 to -53 of 

30 SEQ ID NO: 3 correspond to the promoter active fragment (127 bp) 
essential for seed-specific expression. That is, when these nucleotides 
are deleted, promoter activity is greatly decreased. 
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According to another aspect of the present invention, there is 
provided an intron for enhancement of gene expression, comprising 
nucleotides 149 to 1722 of SEQ ID NO: 1. 

The nucleotides 149 to 1722 of SEQ ID NO: 1 corresponds to the 

5 intron present in 5'-untranslated region of the S/-FAD2 gene. When the 
promoter is used together with the intron, the expression level of a 
foreign gene in a seed can be increased by at least 40-fold. 

According to another aspect of the present invention, there is 
provided a seed-specific expression vector comprising the 

10 above-described promoter and/or intron. 

Preferably, the seed-specific expression vector is constructed by 
inserting the promoter upstream of a foreign gene of a binary vector. 
The binary vector that can be used herein may be one that contains the 
left and right borders (BR and BL) of T-DNA capable of transforming a 

15 plant in the presence of the Ti-plasmid of Agrobacterium tumefaciens. 
For example, pGA series, pCG series, pCIT series, pGPTV series, 
pBECK2000 series, or pGreen series vectors may be used. It is 
preferable to use pBI series vectors (Clontech, America), easily 
commercially available in the pertinent art. The foreign gene that can 

20 be used herein may be a target gene or a reporter gene derived from an 
external source that is to be expressed in a plant of interest. 

In the seed-specific expression vector of the present invention, the 
promoter is operably linked to a foreign gene contained in the binary 
vector. By "operably linked" is intended a functional linkage between a 

25 promoter and a second sequence, wherein the promoter sequence 
initiates and mediates transcription of the DNA sequence corresponding 
to the second sequence. For example, there is a pBinS/FAD2-GUS 
expression vector (FIG. 4B) constructed by inserting the promoter into a 
pBI101 binary vector containing p -glucuronidase (GUS) gene which is a 

30 reporter gene. It is understood that the GUS reporter gene can be 
replaced with a desired foreign gene. 

Furthermore, in the seed-specific expression vector of the present 
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invention, the promoter and the intron are operably linked to a foreign 
gene contained in the binary vector. For example, there is a 
pSiW6-P2.4 expression vector (FIG. 9A) constructed by inserting the 
promoter and the intron into the pBI101 binary vector containing the GUS 

5 reporter gene. It is understood that the GUS reporter gene can be 
replaced with a desired foreign gene. 

Preferably, the seed-specific expression vector of the present 
invention is constructed by inserting the promoter upstream of a foreign 
gene of a transient expression vector. Any transient expression vector 

10 can be used provided that it allows a foreign gene to be transiently 
expressed in plant tissues. For example, pBI221 [Mitsuhara et al., 
1996], pMG221 [Maas et al., 1991], pUbiGUS [Christensen and Quail, 
1 996], or ACT1-D [McElroy et al., 1990] may be used. It is preferable to 
use pBI221 (Clontech, America) easily commercially available in the 

15 pertinent art. The foreign gene that can be used herein may be a target 
gene or a reporter gene derived from an external source that is to be 
expressed in a plant of interest. 

In the seed-specific expression vector of the present invention, the 
promoter is operably linked to a foreign gene contained in the transient 

20 expression vector. For example, there is a pS/FAD2-GUS expression 
vector (FIG. 8A) constructed by inserting the promoter into a pBI221 
transient expression vector containing the GUS reporter gene. It is 
understood that the GUS reporter gene can be replaced with a desired 
foreign gene. 

25 According to another aspect of the present invention, there is 

provided a transgenic plant cell or plant transformed with the 
seed-specific expression vector. 

When the seed-specific expression vector is a binary vector, a 
plant is transformed by floral dip method [Clough and Bent, 1998, The 

30 Plant Journal]. When the seed-specific expression vector is a transient 
expression vector, a plant is transformed by particle bombardment 
method [Lacorte et al., 1997, Plant Cell Reports]. The seed-specific 
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expression vector can be used for transformation of all plants including 
dicot plant, monocot plant, sexual reproductive plant, and asexual 
reproductive plant. Arabidopsis and sesame {Sesamum indicum) are 
used herein. 

5 According to yet another aspect of the present invention, there is 

provided a method for expressing a foreign gene in a transgenic plant 

transformed with the seed-specific expression vector. 

The foreign gene may be any one that is wanted to be expressed 

in a plant. The foreign gene is positioned downstream of the promoter 
10 and/or the intron in the seed-specific expression vector. When needed, 

the expression of the foreign gene can be coupled with the expression of 

a reporter gene. 

The present invention provides a seed-specific expression 
promoter of the S/-FAD2 gene and a method for expressing a foreign 

15 gene in a transgenic plant using the promoter. Therefore, the present 
invention is useful in producing a useful product in a seed development 
stage-specific manner or functionally modifying a common product in a 
seed. Also, according to the present invention, the promoter can be 
used together with an intron for expression enhancement, thereby 

20 increasing the expression level of a foreign gene in a seed by at least 
40-fold. Therefore, the present invention can be used in development of 
a transgenic plant which induces high expression of a foreign gene in a 
seed-specific manner. 

25 Brief Description of the Drawings 

FIG. 1 is the nucleotide sequence (SEQ ID NO: 1) of the gene 
encoding sesame microsomal oleic acid desaturase (S/-FAD2) and the 
amino acid sequence (SEQ ID NO: 2) deduced therefrom; 
FIG. 2 is a diagram of S/-FAD2 gene; 
30 FIG. 3 is the nucleotide sequence (SEQ ID NO: 3) of the promoter 

of S/-FAD2 gene; 

FIG. 4A is a genetic map of a pBI101 binary vector containing 
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B -glucuronidase (GUS) gene used in a preferred embodiment of the 
present invention; 

FIG. 4B is a diagram of a pBinS/FAD2-GUS expression vector 
constructed by inserting S/-FAD2 promoter into pBI101 binary vector 
5 containing GUS gene; 

FIG. 4C is a polymerase chain reaction (PCR) result with vector 
gene-specific primers in Agrobacteria transformed with a 
pBinS/FAD2-GUS expression vector containing SA-FAD2 promoter or a 
pBI121 binary vector containing CaMV35S promoter; 
10 FIG. 5 is a photograph of Arabidopsis thaliana transformed with 

Agrobacteria containing pBinS/FAD2-GUS or pBI121 vector; 

FIG. 6 is a histochemical staining result for GUS activity in various 
tissues of Arabidopsis thaliana transformed with Agrobacteria containing 
pBinS/FAD2-GUS vector, 
15 FIG. 7A is a graph showing relative GUS activity (%) in various 

tissues of Arabidopsis thaliana transformed with Agrobacteria containing 
pBinS/FAD2-GUS vector; 

FIG. 7B is a graph showing relative GUS activity (%) in developing 
seeds of Arabidopsis thaliana transformed with Agrobacteria containing 
20 pBinS/FAD2-GUS or pBI121 vector, 

FIG. 8A is a diagram of a pS/FAD2-GUS expression vector 
constructed by inserting S/-FAD2 promoter into a pBI221 transient 
expression vector containing GUS gene; 

FIG. 8B is a histochemical staining result for GUS activity in 
25 developing seeds of sesame to which a pS/FAD2-GUS vector is 
introduced by particle bombardment. 

FIG. 9A is a diagram of a pSiW6-P2.4 expression vector 
constructed by inserting the promoter and intron of S/-FAD2 gene into a 
pBI101 binary vector containing GUS gene, and pSiW6-F1, pSiW6-F2, 
30 pSiW6-F3, pSiW6-F4, and pSiW6-F5 expression vectors constructed by 
inserting whole or part of the promoter of the S/-FAD2 gene into the 
pBI101 binary vector containing the GUS gene; 
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FIG. 9B is an electrophoretic photograph of the six expression 
vectors, pSiW6-P2.4, pSiW6-F1, pSiW6-F2, pSiW6-F3, pSiW6-F4, and 
pSiW6-F5 of FIG. 9A digested with Hind\\\ and BamHI restriction 
enzymes; 

5 FIG. 10 is a photograph of Arabidopsis thaliana transformed with 

Agrobacteria containing the six expression vectors, pSiW6-P2.4, 
pSiW6-F1, pSiW6-F2, pSiW6-F3, pSiW6-F4, and pSiW6-F5 of FIG. 9A 
and a pBI121 binary vector; 

FIG. 11 is a histochemical staining result for GUS activity in 

10 developing seeds, shells covering the seeds, and seedlings germinated 
from the seeds of the seven types of the Arabidopsis thaliana of FIG. 1 0; 

FIG. 12A is a graph showing quantitative GUS activity (nmol/hr/mg 
protein) in developing seeds and shells covering the seeds of the seven 
types of the Arabidopsis thaliana of FIG. 10; 

15 FIG. 12B is a graph showing quantitative GUS activity (nmol/hr/mg 

protein) in cotyledons of seedlings at 7 days after germination of the 
seeds of transformants selected after culturing the seeds of the seven 
types of the Arabidopsis thaliana of FIG. 10 in kanamycin (30 
//g/ml)-containing media; and 

20 FIG. 13 is the nucleotide sequence (nucleotides -179 to -53 of 

SEQ ID NO: 3) of an active fragment of the seed-specific expression 
promoter of S/-FAD2 gene. 

Best mode for carrying out the Invention 
25 Hereinafter, the present invention will be described more 

specifically by Examples. However, the following Examples are 
provided only for illustrations and thus the present invention is not limited 
to or by them. 

30 Example 1: Cloning and sequencing of genomic gene encoding 

sesame microsomal oleic acid desaturase (S/-FAD2) 

In order to obtain genomic clones of seed-specific S/-FAD2 gene, 
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genomic DNA was extracted from young leaves of Sesamum indium 
[Dellaporta et al., 1984, in Molecular Biology of Plants]. The genomic 
clones of the S/-FAD2 gene were isolated by polymerase chain reaction 
(PCR) using a pair of primers (forward primer W6-1: 
5 5'-GACAAAATGGGAGCCGGAGGACGCATGT-3' and reverse primer 
W6-R1 : 5'-CGGCTTCAGAACTTGTTCTTGTACCAGA-3') designed from 
cDNA (GenBank Accession No: AF1 92486) disclosed by Jin et al. [2001, 
Plant Science]. The genomic clones thus isolated were cloned into a 
pGEM-T vector (Promega, America) followed by sequencing using ABI 
10 Bigdye cycle sequencing kit (PE Applied Biosystems, America). In 
comparison between the genomic clones and the cDNA, it was 
demonstrated that the genomic clones and the cDNA were identical 
except 9 bases (CGGCACGAG) from the 5'-end of the cDNA. The 
genomic clones of the S/-FAD2 gene contained a single bulky intron 
15 containing 1,574 bp in the 5'-untranslated region (UTR). However, 
there was no intron in the coding region. The nucleotide sequence 
(SEQ ID NO: 1) of the S/-FAD2 gene and the amino acid (SEQ ID NO: 2) 
deduced therefrom are shown in FIG. 1. The first base "A" is a 
translation initiation base, and bases in italic type (GT-AG) are those of 
20 the intron contained in the 5'-UTR. 

Example 2: Sequencing of 5'-upstream region of S/-FAD2 gene 
In order to clone the promoter of the S/-FAD2 gene, inverse PCR 
was performed using the genomic DNA of the S/-FAD2 gene digested 
25 with A/del restriction site. Generally, inverse PCR has been frequently 
used in detection of unknown regions such as a promoter [Digeon et al., 
1999, Plant Molecular Biology]. For inverse PCR, the genomic DNA 
was digested with Nde\ restriction enzyme and self-ligated by T4 DNA 
ligase (BM, Germany) to prepare a template DNA. Inverse PCR was 
30 performed in two steps to obtain specific PCR products. First, the first 
PCR was performed using gene-specific primers (W6-1: 
5-GACAAAATGGGAGCCGGAGGACGCATGT-3' and W6-R6: 
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5*-GGGGGCACGTTACCTGAAAACTTGGAAG-3') to obtain a first PCR 
product. Then, the second PCR was performed using the first PCR 
product as a template with inner primers (W6-2: 
5'-GGCTTTGGGACGAAGACTTCGTCACGCT-3' and W6-R7: 
5 5'-CGCGTGAAAGCACTTCTGCGGAAGCGC-3'). As a result, the 
5'-upstream region (about 750 bp, -660 to +90) of the S/-FAD2 gene was 
obtained. FIG. 2A shows a diagram of the S/-FAD2 gene. Here, 
SiW6F1, SiW6R1, W6R3, W6R5, and W6R1 indicate the positions of 
primers as used in FIG. 2B. 
io In order to determine whether the obtained fragment is the 

5'-upstream region of the S/-FAD2 gene, PCR was performed using the 
gene-specific primers (SiW6F1, SiW6R1, W6R1, W6R3, and W6R5) 
designed from the 5'-end of the 750 bp fragment and the internal region 
of the S/-FAD2 gene. As a result, it was demonstrated that the 750 bp 
15 fragment is the 5'-upstream region of the S/-FAD2 gene. FIG. 2B 
shows a PCR result of the genomic DNA of sesame leaf FAD2 gene 
using the primers of FIG. 2A. Here, M1 and M2 represent DNA size 
markers. Lane 1 is a PCR product obtained using the SiW6F1 
(5*-CCGAAGCTTC ATATGTGAAATGTAATGGAAAATGC GAC-3') and 
20 the SiW6R1 
(5'-CTTGGATCCTTGGAAGGAGAAATCGCGTGAAAGCAC-3'). Lane 
2 is a PCR product obtained using the SiW6F1 and the W6R1 
(S'-CGGCTTCAGAACTTGTTCTTGTACCAGA-S'). Lane 3 is a PCR 
product obtained using the SiW6F1 and the W6R5 
25 (5'-GGAGAACGAACGGCTGACGGATCTCTCG-3'). Lane 4 is a PCR 
product obtained using the SiW6F1 and the W6R3 
(5*-GGCTTTGGGACGAAGACTTCGTCACGCT-3'). The 5'-upstream 
region of the S/-FAD2 gene was sequenced. The nucleotide sequence 
(SEQ ID NO: 3) of the promoter region of 1 to 660 bp long upstream 
30 from a transcription initiation site is shown in FIG. 3. 

Example 3: Identification of transcription initiation site of S/-FAD2 
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gene 

In order to determine the activity of the seed-specific promoter 
of the S/-FAD2 gene, the transcription initiation site of the gene must be 
identified. For this, cRACE (circular first-strand cDNA-mediated rapid 

5 amplification of cDNA ends) was performed according to Maruyama et al 
method [Nucleic Acid Research, 1995]. First, total RNA was isolated 
from sesame seeds. Then, cDNA was synthesized with a gene-specific 
primer (5-GGTAGCAGTATGGGGATGGCAGCAGATGGAAGTA) which 
was phosphorylated by T4 polynucleotide kinase (Takara) and reverse 

10 transcriptase (BM), and the 5'- and 3'-ends of the cDNA were ligated with 
T4 RNA ligase (NEB). PCR was performed using the resultant cDNA as 
a template with gene-specific primers (W6-5: 
S'-GAAGAACCCCCTCCAACGGGTGCC-S' and W6-R9: 

5'-CCGATCACATCGCAAGTGCGATACACCTG-3'). As a result, it was 

15 demonstrated that the first base "A" of FIG. 1 is a transcription initiation 
base. 

Example 4: Analysis of S/-FAD2 promoter acti vity in Arabidoosis 
In order to analyze the S/-FAD2 promoter activity in Arabidopsis, a 
20 pBinS/FAD2-GUS expression vector containing the cloned Si-FAD2 
promoter and GUS reporter gene was constructed. First, PCR was 
performed using sesame genomic DNA as a template with a pair of 
primers, the SiW6F1 

(5'-CCGAAGCTTCATATGTGAAATGTAATGGAAAATGCGAC-3') and 
25 the SiW6R1 
(5'-CTTGGATCCTTGGAAGGAGAAATCGCGTGAAAGCAC-3'). As a 
result, the promoter region (-660 to +141) of the S/-FAD2 gene was 
obtained. The promoter region and a pBI101 binary vector (Cat. # 
6017-1, Clontech, America) of which genetic map is shown in FIG. 4A 
30 were digested with the same restriction enzymes Hind\\\ and BamHI. 
The digested promoter region and pBI101 binary vector were ligated 
using T4 DNA ligase to construct the pBinS/FAD2-GUS expression 
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vector. FIG. 4B shows, a diagram of the pBinS/FAD2-GUS expression 
vector in which the promoter region was cloned into the Hind\\\-BamH\ 
restriction sites of the pBH01 binary vector. Here, GUS is a reporter 
gene encoding 3 -glucuronidase (which can be replaced with a foreign 
5 gene to be expressed). NPTII is a kanamycin resistance marker gene 
encoding neomycin phosphotransferase II. Nos-pro and Nos-ter are 
respectively the promoter and terminator for plant expression of the 
NPTII. 

The pBinS/FAD2-GUS expression vector thus constructed was 
10 introduced into Agrobacterium tumefaciens C58C1 [Suh et al., 2002, 
Molecules and Cells] by freeze-thaw method [An , G. 1987, Methods in 
Enzymology]. According to the freeze-thaw method, the Agrobacteria 
were suspension-cultured in YEP media until O.D = 0.5 followed by 
resuspending in 20 mM CaCI 2 solution. The suspension thus obtained 
15 was mixed with the pBinS/FAD2-GUS expression vector and incubated in 
liquid nitrogen for 1 minutes and then at 37 V. for 2 minutes. FIG. 4C 
shows a PCR result of the Agrobacteria transformed with the 
pBinS/FAD2-GUS expression vector of FIG. 4B and pBI121 binary vector 
(Cat. # 6018-1, Clontech, America) containing CaMV35S promoter using 
20 vector gene-specific primers. Here, M is a DNA size marker, N is a 
PCR product of pBI121 binary vector-containing Agrobacteria using the 
SiW6F1 and SiW6R1 (negative control), P is a PCR product of 
pBinS/FAD2-GUS expression vector-containing Escherichia, coli using 
the SiW6F1 and SiW6R1 (positive control); SS is a PCR product of 
25 pBinS/FAD2-GUS expression vector-containing Agrobacteria using the 
SiW6F1 and SiW6R1; SN is a PCR product of pBinS/FAD2-GUS 
expression vector-containing Agrobacteria using a pair of primers 
(forward primer: 5'-GAGGCTATTCGGCTATGACTG-3' and reverse 
primer: 5'-ATGGGAGCGGCGATACCGTA-3')) in npt II gene (kanamycin 
30 resistance marker gene), and V is a PCR product of pBI121 binary 
vector-containing Agrobacteria using the primers (forward primer. 
5'-GAGGCTATTCGGCTATGACTG-3' and reverse primer: 
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5-ATGGGAGCGGCGATACCGTA-3')) in the npt II gene. As a result, 
when the nptll primers were used, PCR products of about 700 bp long 
were obtained. On the other hand, when the gene-specific primers, the 
SiW6F1 and the SiW6R1 were used, PCR products of about 750 bp long 
5 were obtained. The result of FIG. 4C demonstrates that the 
pBinS/FAD2-GUS and pBI121 vectors were introduced into the 
Agrobacteria. 

After the Agrobacteria containing the pBinS/FAD2-GUS and 
pBI121 vectors were shaking-cultured at 28 1C for 2 days, the cultures 

10 were inoculated onto the pistils of Arabidopsis thalJana (ecotype 
Columbia) before flower opening by floral dip method [Clough and Bent, 
1998, The Plant Journal], FIG. 5 shows the Arabidopsis thaliana 
transformed with the Agrobacteria containing the pBinS/FAD2-GUS and 
pBI121 vectors of FIG. 4C. Here, a is the Arabidopsis thaliana 

15 transformed with the pBI121 vector-containing Agrobacteria and b is the 
Arabidopsis thaliana transformed with the pBinS/FAD2-GUS 
vector-containing Agrobacteria. 

Transgenic plants were selected on the MS media containing 
kanamycin (30 jtzg/ml). The GUS activity under the control of the 

20 S/-FAD2 promoter in various tissues of the transgenic plants was 
analyzed by a histochemical staining method and an enzymatic method. 
FIG. 6 is a histochemical staining result for GUS activity in various 
tissues of Arabidopsis thaliana transformed with the Agrobacteria 
containing the pB in S/F AD2-G US vector under the control of the S/-FAD2 

25 promoter. Here, (A) is Arabidopsis thaliana untreated, (B) is 
Arabidopsis thaliana transformed with pBI121 vector-containing 
Agrobacteria, and (C) is Arabidopsis thaliana transformed with 
pBinS/FAD2-GUS vector-containing Agrobacetria. 

FIG. 7A is a graph showing relative GUS activity (%) in various 

30 tissues of Arabidopsis thaliana transformed with Agrobacteria containing 
the GUS gene-containing binary vectors under the control of the S/-FAD2 
promoter. Here, the minimal GUS activity was defined as 1%. Seed 
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specimens were extracted depending on development stages (seeds 1 : 
5 to 7 days after flowering, seeds 2: 10 to 15 days after flowering, and 
seeds 3: 20 to 25 days after flowering). FIG. 7B is a graph showing 
relative GUS activity (%) in developing seeds of Arabidopsis thaliana 
5 transformed with Agrobacteria containing the pBinS/FAD2-GUS or 
pBI121 binary vector. Here, the minimal GUS activity was defined as 
1%. As seen from FIGS. 6, 7A, and 7B, the GUS gene was expressed 
in an Arabidopsis thaliana seed-specific manner under the control of the 
S/-FAD2 promoter. In particular, the seeds that had developed for 1 0 to 
10 25 days after flowering exhibited the highest level of GUS activity. 
These results demonstrate that the S/-FAD2 promoter can induce the 
expression of a foreign gene in a seed-specific manner, in particular a 
seed development stage-specific manner. 

15 Example 5: Analysis of S/-FAD2 promoter activity in sesame 

seeds 

In order to analyze the activity of the S/-FAD2 promoter in sesame 
seeds, a pS/FAD2-GUS transient expression vector containing the 
cloned S/-FAD2 promoter and the GUS reporter gene was constructed. 

20 First, the S/-FAD2 promoter region (-660 to +141) obtained in Example 4 
was digested with Hind\\\ and BamHI restriction enzymes. On the other 
hand, the CaMV35S promoter was removed from pBI221 (Cat. # 6019-1, 
Clontech, America) transient expression vector by using HindlW and 
BamHI restriction enzymes. The S/-FAD2 promoter was inserted into 

25 the CaMV35S promoter site of the pBI221 transient expression vector by 
using T4 DNA ligase. As a result, the pS/FAD2-GUS transient 
expression vector containing the S/-FAD2 promoter instead of the 
CaMV35S promoter was constructed. FIG. 8A shows a diagram of the 
pS/FAD2-GUS transient expression vector. Here, GUS is a reporter 

30 gene encoding ]3 -Glucuronidase (which can be replaced with a foreign 
gene to be expressed). Nos-ter is the terminator for expression of 
nopaline synthase gene. 
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Plasmid DNA from the pS/FAD2-GUS transient expression vector 
was purified using plasmid midi kit (Qiagen, America) and coated with 
1 .6 im gold particles (Bio-rad, America). 2 ug of the plasmid DNA was 
mixed with 500 ug of the gold particles for one shot of particle 

5 bombardment (PDS1000/He gun, Bio-rad). The plasmid DNA mixed 
with the gold particles was bombarded under 1 ,100 psi (He gas) and 
incubated at 27 °C for 18 hours. The activity of the GUS, a foreign gene, 
under the control of the S/-FAD2 promoter, was analyzed by a 
histochemical staining method. FIG. 8B is a histochemical staining 

10 result for GUS activity in sesame developing seeds to which the 
pS/FAD2-GUS vector of FIG. 8A is introduced by particle bombardment. 
Here, a is the pBI221 vector containing no promoters, b is the pBI221 
vector containing the CaMV35S promoter, and c is the pSFAD2-GUS 
vector containing the S/-FAD2 promoter. As seen from FIG. 8B, the 

15 S/-FAD2 promoter can induce the expression of a foreign gene such as 
GUS in sesame developing seeds. 

Example 6: Construction of binary vectors containing the active 
fragment of S/-FAD2 promoter and expression enhancing intron of 

20 S/-FAD2 gene 

In this Example, the active fragment of the S/-FAD2 promoter 
involved in seed-specific expression was identified and the effect of the 
intron present on the S/-FAD2 gene on expression of a foreign gene in a 
transgenic plant was analyzed. For this, first, gene-specific primers 

25 containing Hind\\\ (AAGCTT) and SamHl (GGATCC) restriction sites as 
presented in Table 1 were designed using the nucleotide sequence of 
the S/-FAD2 promoter. 

Table 1 

30 



Primer type 


Name 


Nucleotide sequence 


Tm 


Forward 


SIW6F1 


S'-CCGAAGCTTCATATGTGAAATGTAATGGAAAATGCGAC-S' 


72 r 
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primer 


SlW6F2 




Or L. 


SIW6F3 


5'-CCGAAGCTTGTCCTAACCAGGTTTGAACAACC-3' 


67 1: 


SiW6F4 


S'-CCGAAGCTTGGAATGTGCACACTCCATGTG-S' 


67 n 


SiW6F5 


5'-CCGAAGCTTGGGCCCCTCCTCAGACAGG-3 , 


71 1; 


Reverse 
primer 


SIW6R1 


5'-CTTGGATCCTTGGAAGGAGAAATCGCGTGAAAGCAC-3' 


75 r 


SiW6R3 


5 , -CAAGGATCCGTCAAGCCGCCCCCAATTTAC-3 , 


68 x: 



Next, PCR was performed by using sesame genomic DNA as a 
template with the above primers to obtain PCR products containing an 
original promoter region and a promoter region with partial deletion from 

5 the 5'-end. The PCR products thus obtained were digested with Hind\\\ 
and BamHI and then inserted into the H/ndlll-BamHI restriction sites of 
pBM01 binary vectors (FIA. 4A, Cat. # 6017-1, Clontech, America) using 
T4 DNA ligase to construct binary vectors, pSiW6-P2.4, pSiW6-F1, 
pSiW6-F2, pSiW6-F3, pSiW6-F4, and pSiW6-F5 (FIG. 9A). FIG. 9A 

io shows a diagram of the pSiW6-P2.4 binary vector containing the 
promoter and intron of the S/-FAD2 gene. Here, GUS is a reporter gene 
encoding |3 -glucuronidase (which can be replaced with a foreign gene 
to be expressed). NPTII is a kanamycin resistance marker gene 
encoding neomycin phosphotransferase II. Nos-pro and Nos-ter are 

15 respectively the promoter and terminator for plant expression of the 
NPTII. The GUS reporter gene is expressed in a plant under the control 
of the inserted promoter and the Nos terminator (Nos-ter). 

The binary vectors thus constructed were introduced into 
Escherichia, coli and plasmid DNA was extracted by an alkaline lysis 

20 method [Sambrook et al., 2001]. The extracted plasmid DNA was 
digested with Hind\\\ and BamHI followed by 0.7% agarose gel 
electrophoresis (FIG. 9B). FIG. 9B shows an electrophoretic result of 
the six binary vectors digested with HindlU and BamHI. Here, 
pSiW6-P2.4 is a binary vector containing the promoter and intron of a 

25 PCR product amplified with the gene-specific primers, SiW6F1 (-660 bp) 
and SiW6R3 (+1743 bp). pSiW6-F1 is a binary vector (identical to 
pBinS/FAD2-GUS binary vector) containing the promoter of a PCR 
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product amplified with the gene-specific primers, SiW6F1 (-660 bp) and 
SiW6R1 (+141 bp). pSiW6-F2 is a binary vector containing the 
promoter of a PCR product amplified with the gene-specific primers, 
SiW6F2 (-547 bp) and SiW6R1 (+141 bp). pSiW6-F3 is a binary vector 

5 containing the promoter of a PCR product amplified with the 
gene-specific primers, SiW6F3 (-346 bp) and SiW6R1 (+141 bp). 
pSiW6-F4 is a binary vector containing the promoter of a PCR product 
amplified with the gene-specific primers, SiW6F4 (-179 bp) and SiW6R1 
(+141 bp). pSiW6-F5 is a binary vector containing the promoter of a 

10 PCR product amplified with the gene-specific primers, SiW6F5 (-52 bp) 
and SiW6R1 (+141 bp). 

Example 7: Transformation of Arabidopsis with binary vectors 
•• The six binary vectors (pSiW6-P2.4, pSiW6-F1, pSiW6-F2, 

15 pSiW6-F3, pSiW6-F4, and pSiW6-F5) constructed in Example 6 and the 
pBI121 binary vector (Cat.# 6018-1, Clontech, America) were introduced 
into Agrobacterium tumefaciens C58C1 [Suh et al., 2002, Molecules and 
Cells] by freeze-thaw method [An, G. 1987, Mothods in Enzymology]. 
According to the freeze-thaw method, the Agrobacteria were 

20 suspension-cultured in YEP media until O.D = 0.5 followed by 
resuspending in 20 mM CaCI 2 solution. The suspension thus obtained 
was mixed with each of the seven binary vectors and incubated in liquid 
nitrogen for 1 minutes and then at 37 TC for 2 minutes. The transformed 
Agrogacteria were shaking-cultured at 28*0 for 2 days, and the 

25 cultures were inoculated onto the pistils of Arabidopsis thaiiana (ecotype 
Columbia) before flower opening by floral dip method [Clough and Bent, 
1998, The Plant Journal]. 

FIG. 10 is a photograph of Arabidopsis thaiiana transformed with 
the Agrobacteria containing the six binary vectors of FIG. 9B and the 

30 pBI121 binary vector. 

Example 8: Histochemical staining and enzvmatic analysis for 
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GUS activity in transformed Arabidopsis thaliana 

Seeds were harvested from the seven independent Arabidopsis 
transgenic lines constructed in Example 7 and spread on MS media 
containing kanamycin (30 /zg/ml) to select kanamycin resistance 

5 transformants. GUS activity in the individual tissues of the selected 
transformants was analyzed by a histochemical staining method and an 
enzymatic method. In order to stain the individual tissues of the 
transformants, the individual tissues were immersed in a solution 
containing 1 mM X-glu (5-bromo-4-chloro-3-indolyl-J3 -glucuronide), 100 

10 mM sodium phosphate (pH 7.0), 10 mM EDTA, 0.5 mM potassium 
ferricyanide, 0.5 mM potassium ferrocyanide, and 0.1% Triton X-100) 
and incubated at 37 °C for 12 hours. After removal of the solution, the 
stained tissues were rinsed with 100% ethanol until chlorophyll was 
exuded from the tissues. For the quantitative analysis of the GUS 

is activity, the individual tissues were homogenized in a solution containing 
50 mM sodium phosphate (pH 7.0), 10 mM EDTA, 0.1% Triton X-100, 
0.1% sodium lauroylsarcosine, and 10 mM ]3 -mercaptoethanol 
according to Jerrerson et al method [EMBO J. 6: 3901-3907, 1987] 
followed by centrifugation (12,000 g) to obtain supernatants. The 

20 supernatants were mixed with 1 mM MUG (4-methylumbelliferyI 
glucuronide) and incubated at 37 °C. The reaction was terminated by 
adding 0.2 M Na 2 C0 3 . Fluorescence of the resultant reactions was 
measured at 365 and 455 nm by a fluorometer and plotted on the 
standard curve generated using the MUG standard to quantify the GUS 

25 activity. 

FIG. 11 is a histochemical staining result for GUS activity in 
developing seeds (seeds 1: 5 to 7 days after flower opening, seeds 2: 10 
to 15 days after flower opening, seeds 3: 20 to 25 days after flower 
opening), shells covering the seeds, and seedlings germinated from the 
30 seeds of the Arabidopsis thaliana transformed with Agrobacteria 
containing the seven binary vectors. CaMV35S is Arabidopsis thaliana 
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transformed with pBI121 binary vector. SiW6P2.4, SiW6F1, SiW6F2, 
SiW6F3, SiW6F4, and SiW6F5 are Arabidopsis thaliana transformed 
with pSiW6-P2.4, pSiW6-F1, pSiW6-F2, pSiW6-F3, pSiW6-F4, and 
pSiW6-F5, respectively. According to the results of FIG. 11, the 

5 S/-FAD2 promoter with a deletion of about 150-200 bp long from the 
5'-end region also induced the expression of a foreign gene in a 
seed-specific manner. In addition, when the intron in the 5' UTR of the 
S/-FAD2 gene was inserted downstream of the S/-FAD2 promoter region 
(-660/+141) (SiW6P2.4, -660/+1743), GUS expression was detected in 

10 the shells and the cotyledons of the seedlings, in addition to the 
developing seeds. 

FIG. 12A shows GUS activity in developing seeds (seeds 1: 5 to 7 
days after flowering, seeds 2: 10 to 15 days after flowering, seeds 3: 20 
to 25 days after flowering) and shells covering the seeds of the seven 

15 independent Arabidopsis transgenic lines obtained in FIG. 11. The 
GUS activity was analyzed in 10 transformants (T1 plant) per each of the 
seven transgenic plant constructs. As shown in FIG. 12A, the GUS 
activity of the transgenic plant constructs containing the S/-FAD2 . 
promoter with a gradual deletion of 150-200 bp long from the 5'-end 

20 region was analyzed. As a result, SiW6F1 (-660/+141), SiW6F2 
(-547/+141), SiW6F3 (-346/+141), and SiW6F4 (-179/+141) constructs 
exhibited the GUS activity of more than about 4 to 10-fold in the seeds 2, 
as compared to SiW6F5 construct (-52/+141). It can be seen from the 
result that the nucleotide sequence of -179 to -53 long in the S/-FAD2 

25 promoter is an essential site that induces seed-specific expression. 
Also, SiW6P2.4 construct (-660/+1743) containing the intron exhibited 
the GUS activity of more than about 40-fold in the seeds 3 and more 
than 10-fold in the shells, as compared to the SiW6F1 construct 
(-660/+141) containing no intron. From the result, it can be seen that 

30 the S/-FAD2 promoter in the presence of the intron of the 5' UTR can 
greatly increase the expression level of a foreign gene in developing 
seeds and shells. 
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FIG. 12B shows GUS activity in seedlings (T2 plant) at 7 days 
after germination of the seeds of kanamycin (30 jug/ml) resistant 
transformants selected from the Arabidopsis transformants of FIG. 11. 
The GUS activity was analyzed in 5 transformants (T2 generation) per 

5 each of the seven transgenic plant constructs. GUS activity was not 
significantly observed in the seedlings of the SiW6F1, SiW6F2, SiW6F3, 
SiW6F4, and SiW6F5 constructs containing only the S/-FAD2 promoter. 
On the other hand, the SiW6P2.4 construct containing the promoter and 
intron of the S/-FAD2 gene exhibited about more than 30-fold increase of 

10 GUS activity in the cotyledons thereof, as compared to the SiW6F1 
construct containing no intron. From these results, it can be seen that 
while the S/-FAD2 promoter induces the expression of a foreign gene in 
a developing seed, the intron of the S/-FAD2 gene can enhance the 
expression of a foreign gene in a seed-, shell-, and seedling cotyledon. 

15 

Industrial Applicability 

As is apparent from the above descriptions, the present invention 
provides the nucleotide sequence of sesame microsomal oleic acid 
desaturase (S/-FAD2) gene and the S/-FAD2 promoter. The S/-FAD2 

20 promoter induces the expression of a foreign gene in a plant in a seed 
development stage-specific manner. The present invention also 
provides a method for expressing a foreign gene in a transgenic plant 
using the S/-FAD2 promoter. Therefore, the present invention is useful 
in producing a useful product in a seed-specific manner or functionally 

25 modifying a common product in a seed. Also, according to the present 
invention, the promoter can be used together with the intron for 
expression enhancement, thereby increasing the expression level of an 
inserted gene in a seed by at least 40-fold. Therefore, the present 
invention can be used in development of a transgenic plant which 

30 induces large-scale expression of a foreign gene in a seed-specific 
manner. 
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